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SUMMARY

-2 Despite the many techbiques developed for g¢valuatiug pilot workload in
flith:subjectivo assessment by axperiences pilots is ztill the most rellable

mothod by far. This report describes the design and developmart - with tha nelp

of practising test pilots - of a ten-po.nt ratiny =ca’e. The scsle uses a

dacisicn tree similar te that used by the vooper-Harpar Handling Qualities scale,
and is baved en tne voncept of sparc capacity. Exawmplas are given of its use by

4
ygrklogq atudies. - |

a largo numbor of pllots in varicus flight trials and
. R ST )

:u . f L . . - te . o y A
AL - S R AV a4 - Y2 s et
,J:'.- L] ' LT \"& v.(.‘,k;ts'-—‘\'(f‘ mow A& y '1‘.4 {“" ‘I,J * C- !‘/ #
o ! ’ y =
Dopartmental Reforence: FPM & i
Copyright
o
Controller HNSO London
1999

* Formorly of RAE, Bedford, ard now with Rrirannlia Alevays
** Forwoely of RAE, Nadford, and now with Beitlah Aerospace

WUMLINITED
1
4

A RPN 1 L Y A I e Y e e «4«~-\\n.~—-.wmp_vw.mp.\,.‘4\. e L U




LIST OF CONTENTS

1 INTRODUCTION

2 THE 'BEDFORD' WORKLOAD SCALE

2.1 Design and development of the 'Bedford' scale

2.2 Description of the scale (Fig 1)

3 PRACTICAL EXPERIENCE WITH THE 'BEDFORD' SCALE
[ DISCUSSION
5 CONCLUSIONS

Refere wes
I.lustration

Report documentation page

9“ Y
~ & . o
] h bt e
e U URE O TR
LN
e .
AL
D

Page

11
13
14
Figure 1 (in text)

inside back cover

o



1 INTRODUCTION

In 1969 the increasing importance to flight safety of changes in levels of
pilot workload generated by new operating techniques such as vertical take-off
and landing (VTOL), low visibility landings, and reduced noise approaches, then
being evaluated at the Royal Aircraft Establishment at Bedford, resulted in a
greater interest in assessing workload during flight testing. Unstructured pilot
opinion recorded during flight, or, more often, after flight was the accepted
method of evaluating workload at this time. The possibility of obtaining
misleading information because of bias or of pre-conceived notions about workload
levels - a recognised problem associated with subjective techniques - resulted in
a programme aimed at developing a complementary but more independent measure.
Following a detailed survey of available techniques, monitoring of pilot's heart

rates was selected for further evaluation.

After some 5 years, during which considerable experience was galned of
using test pilot's heart rates to support their opinions of workload, it was
decided to improve the methad of obtaining subjective assessments by employing a
specially designed rating scale. A search for a suitable scale for use in flight
was unsuccessful; most vesearch on subjective agsessment by pilots had been
concerned with aircraft handling qualities!’?, Although seme scales such as that
designed by Coopar and Harper®' have senmetimes been used to rate workload they are
net ideal for this purpose. Az Gerathewhol! pointed eut: *... subjective pilet
ratings of handling qualities, as accurate as they may be in regard o centrol
dosirability or difficulty, do not contribute to workload deverminations, since
choy are only lecsely connected to task demands and pilet response*. The
docision was made, therefere, to design and dovelop a worklead ratiang seale at
RAE Bodford ‘on tho back' of curront f£light testing and with the help of
practising test pilets.

As well ua designing a8 pileot worklead rating scale it seemed senzible to
define worklead. A review of the literature revealed a plethota of definitions
bazed mestly on worklead as a et of flight task demands, as the effort required
to aatiafy rthose domanda, or a8 the vesults of that affors - poevformance. MNany
2f the dafinfitions appeared complicated and/or unrealistie In the context of real
filght., ’

Uafay a questiennaize, B1113 and Roscoe™ obtained the views of sowe 330
wilitary and airline pilots and conciuded thal wore than 801 of profesuional
pilets think of woekload in veeias of effort. This is alse an intocpretatien that
agrees wall with the influence of éuch fndividual factors as natural ability,
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training, and experience on the piloting task. There is evidence that the
failure of pilots to perceive the demands of the flight task correctly has been a
causative factor in several accidents; it also seems likely that workload levels
tend to be determined by how a pilot assesses the flight task. With these
findings in mind Ellis and Roscoe proposed that a slight modification to the
definition of workload used by Cooper and Harper in the introduction to their
Handling Qualities Rating Scale® would be appropriate, namely: "Pilot workload is
the integrated mental and physical effort required to satisfy the perceived

demands of a specified flight task™.
2 THE 'BEDFORD' WORKLOAD SCALR
2.1 Design and developmant of the 'Bedford' scale

The initial objective was to design an interval scale that could be used to
give ratings in flight during - or immediately following - highly demanding

piloting tasks, and that would result in absolute values of workload.

As Ellis® observed: “The use of rating scales results in the allocation of
a numerical value to the quantity that is being measured. Not umnaturally,
researchers wish to use statistical and mathematical proceases on the numbers 3
obtained, and 80 moat of the rating scales that have been dovised have been
intended to be linear". However, McDonneli’, in discussing the rating ef
aireraft handling qualities, raferred to the difficulty of achieving linearivy
with ordinal and adjectivai scalea. And Heas® later commented: “The majorizy i
rating scales in existence have twe things in common: they are both erdinal ana
adjectival in nature®. Furthermore, the results of varicus sther labsratary
studies? 7 aimed at develeping noa-adjestival linear rating scales were Aot

encouraging.

It became obvious that an ordinal, adjectival rating seale wouid be poas
appropriate for development at a £light test centré lacking facilitles fox
laboratory experiments. &n ordinal scale far aircraft handliag qualities, the
Coopor-tarper scale?, was already &avalap&d anyd eztablizhed; it wald ecazy 19 uge

and was videly acoepred amangst test pilane and eagineess. 1L therefsre tade

good sonse to try o desigh the workload scale using & similar de8ign ot devitiun

tzee with appropriate deseriprors.

The first design, a aine-point Boale, used desceiptors bazed oh ‘offper’
such as: Pilot effort not o factor for der!rdd perfvrsande = ratling 1! desited
perforsance requires moderate pilot effort - rating Y adeysate potisrnance
requlres estensive pilot offurt - rating $ intensive pilot effert {8 required 1o




retain control - rating 8; and finally, control will be lost during some portions

of required operation - rating 9.

At first it was not obvious whether the scale should bc absolute or
comparative. In other words, should it try to cover all possible workload levels
in all flying tasks? Or should it have the more limited aim of acting as a
comparative measure between the workload experienced and that which could be
considered normal or reasonable for the task in hand? It was therefore decided to
construct both types of scale, and then to decide which of them would be the more

appropriate in various circumstances.

An interesting finding from the questionnaire study by Ellis and Roscoed

was that pilots find it convenient to think in terms of 'spare capacity' when
considering their levels of worklead. What other relevant but secondary tasks
can be taken on in addition to the primary flight task? For example, when the
primary task is an instrument approach in bad weather how much spare capacity
does one consider is available for monicoring the actions of the other pilot,
looking outside the cockpit, listening to the radio ete? The higher the workload
generataed by the primary task the less capacity there is for these sesondary
taskas. Pilots seem to find it a relatively simple matter to judge how much morxe

they could do even if there is no requirement to do seo.

These findiags suggested that descriptors incorperating the concept of
apare capacity would be of grester value than referovnce to effort. The scales

wore also extonded from nine te ten ratings,

In addition to the concept of apare capacity the ‘abaolute' scale also
referred te arousal, time, and fatigue. Those neow descriptora ineluded:

Low workload, plonty of time and capacity to complote all vasks at o
moderate arousal state, level of offort eould be waintained for sevaral housa: -
rating &,

Moderate workload, all primary and secondary tasks withia pilot capacity,

% but fairly high areusal starve needed: tiving and fatigue likely atfuer
' 1=2 heurar -~ gatieg 3. Very bigh workload, only more irvortant gecondary tasks

comploted and then ohly infrequontly: = zating 6,

tn view of thu present concerh about undotatousal and uaderload it s w@tih
poting that the iowest workload deseriptor in this scale read: Very low workload,
fow tasks for the time available, seme risk of boredem: - rating ). This was
shortly amended to: Workicad tod low, tov much sparv capacity, danger of
complagenay. ' -
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During construction of the scales it quickly became clear that any
'absolute' scale that attempted to include the whole spectrum of workload levels
experienced by pilots would be too coarse to be practical. Certain tasks such as
gun aiming or landing in adverse weather were always concentrated within a few
seconds and were always high workload. Others, such as en-route flying, could be
sustained for many honrs, To place them on the same scale was of very limited
value. Also, pilots comments and ratings of workload made during various flight
tests in different types of aircraft, showed the difficulty of obtaining absolute
values. It was found that pilots liked to compare their workload to some form of

baseline, usually to previous experience.

Effort was therefore concentrated upon developing a comparative scale that
would help to answer the important and practical question of whether the worklead
is appropriate for the primary task under consideration., Subsequent experience

of using the scale has proved this decision to have been correct (see¢ later).

The need for concise descriptors in an adjectival rating scale wayg high-
lighted during the evaluation of the absolute scale in flight. It soon bacame
apparent that the introduction of the additional facrtors of arousal and ratigue
complicated the scale unduly., After some developmont in flight and further
discuasions with pilots the presdent descriptors were introduced (Fig 1): these
were readily acvepted and in a short time considered by Budford test pilots ta be
quite adequate for the purpose ef rating worklcad.

2.2 Dascription of the 3scale (Pig 1)

The pilot atarts his decluach-making procoss at the botrsm left corpet of
the decision tree, which conaista of tnreu questiens requiring yes ar #s ansuers,
in order toO progeed to the descriptiens of different ievais of worklead. the
descriptors are of xncseaainé lovels of workload asaeciated with ravings af | ts
10, Malf ratings are allowed thereby increaaing the sempitivity of the agaie,
this became partisulerly desirable at the lower vorklead leowels. Origisaliy half
ratinga betwgen the 'decision' groups wete not Sought but 43 many pilots seorad
to find it difficult te decide between ‘yes' and ‘no' for “Was workissd satisfac:
tory without reduction?® a raving of ¥ bovame aceeprable,

It ia most jmportant that the flight tauk to be rated should be well
detinod and/or the period of time over whieh the asdensment is to be ade stated
vith reasenable precision. the vorkload boing assessed 18 that invalved in the
axeeution of the priaary task; any additional vtasks - sudh as sonitozing other
Srew niebors < must b included ay pirt of tha pilot's spare capavity.
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Workioad Description Rating

Decision Workload insignificant. 1
Tree
= Workload low. 2
Encugh spare cipacity for all desiradle additiona!
Y °s tasks. 3

Insufficient spare capacity for easy atteation

to additional tasks.
:::»::‘:gg:; No Reduced spare capacity. Additional tasks camnot
without be given the desired amount of attentien,
reduction? Little spare capacity: Yevel of effort a)lews e
little altention to additiemal tasks
Yes
Very little spare capacity, but maiatensnce of 7
\ N effort in the primary task aot ia questien.
Kas workluad 0 .
Very high worklosd vith almost o spare capicity.
teleradle far Dl‘fficu?ty in mintaining lavel of effert.
the task?
Extrenely high vorkload. Ko spare capacity. Sericus 9

doubls a3 to dbility te maintain level of offert.

¥ar it poysidle NO
to conplete Task adandened. Pilet unsble te apply sufficieat offert. 10
tae tosk?

T

Fig t Pilot workioad rating scale (lor & spacitied plioling task)

3 PRACTICAL EXPERIENCE WITH THE ‘BEDFORD’ SCALE

the Einal version of the rating scale was fivat used to assess pilet
werkload during the NS Harrler ski-jump take-off wrialll, this vrial assessed
the :-svanﬁgéa of using an inclined ramp Lo isprove the take-off porfosmante of
ship-borng Hartler VIOL coabaz alreraft., 7tThe alrecaft is acceloruted on o the
rap from a short fuR - typically 50-100 wetres = with nouzles rotated tvatvards.
At the top of the ramp, and on the point of becoming aleborte, the nodiled are
rotated downwards to a pre=set angls. As sonventional flying speed is approached
the noztled aze gredually rotated to the aft posicvion again.

The Ceopet-Harper scale was used to agseds handling qualities and the

Bedford seale to estimate workload levels, the latter Leing auguentod by retosd«
ing the pilor's heart rate. ’
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Eleven pilots rated their workload and had their heart rates recorded
during ramp take-offs: the ramp angle was increased in steps from 6° to 15° over
the period of the trial. Workload ratings and heart rates showed good agreement;
and both ratings and heart rates confirmed that workload levels were not
increased for greater ramp argles nor for night take-offs. These workload
indicators also demonstrated that levels of workload are higher during the more

conventional short take-offs (for this aircraft) from a runway.

The workleoad rating scale was used extensively during a trial to evaluate
Economic Category 3 approach and landings!?, Pilots' heart rates were again
recorded to complement their ratings of workload. The technique involved an
autopilot coupled approach to a decision height of 50 ft for the HS 748 and 60 ft
for the BAC 1-1) aircraft at which height the autopilot was disconnected for a
manual landing if the ryunway lights were seen. If the lights were not seen by

deciaion height a go-around waa made.

In addition to rating the final approach with autopilot, and the manual
landing, raiings were givon for the very short term workload associated with

making the decision.

In late 1982 the Bodford scale and pileta' heart rate respohses were uied
te a3ses3 worklead in flight during crew comploment certifivatiss of the
BAe 146°7, Post flight quostionnaires complemented the in-fiight data svigincd
from the three teams (of tve pilats) uho each flew three days of intensive flign:
schedules around 2 ecireuit of threw high intensity airperta flopdst =~ Heallteow,
Paris - Charles de Gaulle, and Amsterdam ~ Schipheld.

Worklead ratings weore obtained fros both piiots and (38 af oxpetienced
flight eﬁaerver,'cn verbal request and light slgnal frok the oXertlse fontsoiist,
by =eans of swal) Reybeards Eitted to the control ealulh afd e the oshiarver's
elip boaed., Ratings, wvhich wers plotied éutﬁ#@!i@allwv@ﬁzé the hedrt fate piois

2% the time of the reguoest, wele requested ateording to a piodeteorsined plan?

| requests were more froquent during high wotklvad ghades of Fiight fueh as the

take=otf and iniviel ¢limd, the appteasch and landisg, ahd vheh sisuiated ih=
£light failures and eowrgenties ueeutsed.

Pilots were instructed i6 the ube of the rating sdale bolote the exéttize
atarted and, in patxﬁﬁulat.'ueiq asked 1o cotiivdet theif weotkload for the
provious 3 8. ALl six pilots ana most of the [light chswvrvets ISund the sedle
casy Lo use; there wag #d evidence that ¢iving satings in 1iight iateuded intes
the piloting task and enly rarely was a rating delayed by the flight desatds,
Half xatings were hot used duting this trial atd though the sensitivity of the
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scale was consequently reduced it did not appear to influence its value for
certification purposes. In fact, the ratings obtained during the trial were
considered, overall, tc¢ be of considerable value; and there was also surprisingly
good agreement between ratings given by pilots and those given by most cof the

flight observers.

There was a reasonably good relationship between pilot's ratings and their
heart rate responses; disagreements seemed to be due mostly to the fajlure »f the

pilot to rate the entire pariod under review.

Lidderdale'® used the Bedford scaie and heart rate recordings to assass
crew workload (pilot and navigator) during the evaluation of low-level high-speed
flight in a supersonic tactical fighter aircraft. He reported that “... the
alrcrew understood the scale readily and whilst it was sufficiently comprehensive
to cover all cipcumatancos it was casy to remember and small enough wo be carried
on the flying suit knee-pad™. At pro-planned times the navigator, having
recordad his own rating of workload, would raquest a ratirg tson the pilet. Beth
pilers and navigators roported tittle difficulty in giving ratinga in flighe., A
peat-flight assessment technigque, based on the Analytical Hierarehy Pracess'?,
wag uged to analyde paired coemparinons, lLidderdale, in zeporting a high
aereqiation between in-flight ratings and the post-flight azgesssents, obagivad
that the farssr techrnique was eazier to uie and more prastical for use in an

sperational trial (persenal cewaynieatioa).,

the Bedferd scale was used with guccess by Mulr and Rlwel}'® ve asseas
wernlcad in arsy helidaptoes pileis ongaged in various flight tasks: aad by
Paysicy  during ﬁﬂ'ihV§3tAQa;iga ints the lovels of workload ahd eperating

conditione exporicnced BY helicopter plietd tavelved in Notth Sea oil platfacs

fiighas,

konzos and Grieve’® uped the Dedford r>ale Logdiher with hedrt rate

respefiges Lo CoRpPIte the levels of pilst weckioad gonvrated by the advanced
tochnalagy Boeing 767 with these generated by the vatliet Boelng 137, This
Britannia airuayé,gsu@y waz vaseied out during towtite passenger flights ia
Europs during whieh line=pilets found na diftie&;gy in giving ratings at the efd
¢¥ the pat&i@ﬁlét rIight phase of Sub-phase af Literest, AR eapetienced flight
cbdetver, uiiny the bed¥urd seale, alse tated the dséte:vns Flight tasks., Five
piicts partigipated In the study, thtes were tshitored o6 the 8737 and then,
aftetr Lohvetling to tyfe, o8 the 0967, tus pilote wete nenitosed on both alsctafr '
ad they slterhated vty 8iR kenths botwoen BY37 and 8767, Hoth workluad ratings g
and heatt tale sesponses Showed thet the handiing pilot's levels of worklead ase ;

m
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lower on the 767 than on the 737. These measures have alsc distinguished quite
clearly between the different levels of workload associated with flying the 767
in different modes: hand-flying with raw information, hand-flying with flight
director integrated with the flight management system (FMS), and with autopilot
and autothrottle.

An extension to this study is presently under way in which workload levels
generated by flight failures, emergencies, and abnormal operating conditions in
the 767 are being assessed in a flight simulator. Both ratings and heart rates
for normal flight in the aircraft and simulator were used successfuylly to

demonstrate the value of the simulator for this type of inveatigation'?.

Practical experience of using the workload rating scale in aeveral flight
trials showed it to be markedly bettaer than previous methods of obtaining pilot
opinion, and though it lack:d some sensitivity - eapecially at tha lower levels -
it was bacoming well accepted by pilots and by research scientists alike. Never-
theless, in 1383 it was dacided to carry out a series of flights to domonstrate
the ability of tha rating acale and of heart rate tesponses ta distinguish
betueeon four short flight tasks having, thecretically., throo differert levels of
difficulry. A HS512Y% twia 'businass-jiet' was used for whe trial ip whicn 39

oxparienced pilota flow a total of 1% 3uequencoa. FKach sequence wansisted <f
S %a@) A Y80° tura in 2 min at constant altitude, IA3, end rate of tuen.

th) A J60% vure in ¢ min with 3 3lmultanedus joss wf 2000 ft in altitude

¢t & congtant IAS and rate of Curn,

te) A 3807 vuea in ¢ aln with 9 sisultahecus J0U0 ¥t Rititude joga
foliowed by @ zeveride 360" tuen in 7 mih Wil a simditatenit gainh of

2000 £t at a constant IAL and rate of Lurs.

fd) A 360° tuen in 2 m(a with a sisultehecus altitufe lmss of J93% ft andg
spead reduction of 100 kn. -

Baud gequence was flawn at a4 asafe height i~ elwar atespave. Wt frest
peEtormante vwas a@nitntﬂ@vuy the Avu-handling piiot bul as i1 Bodh bedadhe ob¥idud
“that eath pilot was Qaternsn&d to potioew well in the presence sf a Colivague
this wap digcontinued. It vaz the intention to vaty the otded in «hieh the terks
were flows = but, operationally, it was such more «ﬁnva&ieng te fly gach soquetce
i the order 1=+ with the first task heing repeatad at the vnd of the seguoiive.
Koatt rates wete tetorded thsuﬁqﬁaut cabth requette and workicad tatings vete
requasted after each Zlight task. theee pilots flew the sequencer twide. those
pliots not current on the 128 were given at loast 30 win familiariszation before
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being asked to rate the tasks; similarly, those pilots unfamiliar with the rating

scale were given a full briefing befakahand,

Results were highly encouraging and demonstrated that for 10 of the
12 pilots both workload ratings and heart rate responses were able reliably to
distinguish between the different tasks. In addition there was a very good
agreement between ratings and heart rates for six of the I0 pilots and reasonably

good agreement for the other four.

The mean ratings and range for each flight task were as follows:

Task Mean Rating Range
1 4.8 -6
2 6.1 -7
3 7.1 _ s-8
4 1.0 4-8
1 5.¢ -6

On thooretical grounds it was gquastionable whether task - 3, which lasted
twied a8 leng as tha otrer three, would be rated lowey Than task - 4. In the
evart, task - ) war rated higher than taak ~ § on thiee occasiens, lowar on five,
and the aame on feven occagiona. Although pilloty were asked te rats the enti:e

rask, half of the pileta gave twe gatings toe task - J.

Twerall, there wiy ne gvidence of leasning and reduced worklead betusen
task - 1 fiewsi 4t the statt and at the end of the sequence. Similarly, thres
piiots why flew the gsoquence oh itws geparate morties did Aol ghow any evidente af

warkioay reduction with increazing familicrkty.
4 DIsSCuUsSsION

The Dedfotd geale has now bueh In dpe 25 wore than 10 ydaks afd tloegh _
.@e§§@h¢§ privarily foy use by test piioty has beet used sustensfully by mililaiy
pilets, eivil hejicepter piiots, avd alrline 9&39{5. The Sdes ou ‘spate
gapatity' appeals 1o %est Pilols who teport that it helps thes o artive ot ak
apprepriate rating with ée&ati#e esgé¢, thie ig patticulscly valuabie whett fivst
uing the svaie. Iu prectite, il ls agreat zé beocowe Familiat wit% the sgals
tomatRabily quigkiy » Bost pilots then seew Lo think only 1A Lerwms of fuabers

vithout reference (o the actual dedision ttee.

Vhe'aﬂVAWtage of being able tv use a'«a&iu@ stale duting, ot shortly aftes,

o demanding Ylight task Nas been domonhstratod sany times during the 10 years =
especially dutiog long FL1ight Zeftots sogulting saty tatings. Post fligh
tatings < oven with the assistande of vides tedovtdings - sust be less feliable.

T BeeIs

R e TR




12

The authors are unaware of any other workload rating scale that has been
used as extensively for assessing workload in the ‘real world'; nevertheless,

there are a number of possible shortcomings.

Several authors have underlined the importance of sensitivity and diagnos-
ticity, others have stressed the multidimensional nature of workload, and rating
scales having varying degrees of sophistication have been designed with these
issues in mind?9-22, A subjective workload assessment technique (SWAT) developed
by Reid and his co-workers?3:24 considers workload in three dimensional terms -
time load, mental effort, and psychological stress. Hart and her colleagues?3:26
have developed and refined a multi-dimensional rating scale consisting finally of
six subscales, namely: physical demands, mental demands, time pressure, own

performance, 2ffort and frustration.

Certainly, in many situations it may be quite important to be able to
analyse the reasons why workload has changed. The Bedford scale does not have
the power of diagnosis but in practice, on the rare occasions when diagnostic
information is required, post-flight discussions with the pilots - especially
when their beat-to-beat heart rate plots are used as an aide memoire - are
proving to be of considerable value. And, in most cases, assessment of overall
or global worklouad is all that is required - for example, during workload

assessments for the purpose of crew complement certification.

The lack of sensitivity at the lower end of the scale was at first thought
to be a disadvantage, but experlence now suggests that it is unrealistic to
strive for a high level of sensitivity. This is particulaily so in view of the
variations in subjective evaluations between pilots and, c¢ccasionally, within the
same pilot from time to time. In additica, the cost eftectiveness of modifying
systems or procedures to correct for small differences'in satisfactcry workload

is questionable.

The nonlinear nature of the scale, although making it diffiecult to carxy
out statistical treatments on data, does not seam to cause any problem in

practice.

: ) The decision to develop a scale giving relative - rather Lhan abselute -
c - “values of workload has not appeared to poac any problem from the practical peint
R A . jr_‘ of view., And it may be questionabla whether absolute rating scales are really
;,-f;ffi-.iri" : " recessary. Lidderdalelt, in comparing in-flight with post-flight wortload

C R assessments, widle: “It is posaible that all asseasments of workload are made
from a baseline of comparison with other elements in the flight and, i{f this is

- the cada, all :acing mathods may be relative.*
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Examination of several hundred workload ratings given during a variety of

' flight tasks or flight phases together with attempts to correlate ratings with
' ' heart rate responses have resulted in three important findings. Firstly, as
suggested by Ellis® in 1979, it was not possible to compare ratings for different
flight tasks; for instance, ratings given during the take-off could not be

. related to those given during the approach and landing.

Secondly, although reasonably consistent, ratings were highly individual
for each pilot; unless some normalisation procedure was applied to the data - if
sufficient data were available - each subject pilot had to be considered as his
own control; a simiiar but more marked idiosyncrancy has already been identified

for heart rate responscsi®.

Finally, a gcod cerrelation be'ween worklcad ratings and hearh rate
responses for the same flight task wus apparert in about 80% of pilots but one in
five did not show any ag:cement. The veasor for this lack of agreement has not
always been identified, scometimes it was bezause a pilot has not integrated his
workload over the ontire period of interast, but there is some evidence that it

may be related t the npature of that parricular individual‘'s heart rate response.

S CONCLUSIONS

The Bedford workload rating ascale was designed for use in the ‘real world'
of practical flight testing some 10 years ago: and pilots have, without
oxception, found it easy to uze in flight. Dburing the past decade, despite the
shortcomings reforred te above, its value has beon demenstrated in aseveral flight
trials - especially when ratings have boon augmented by recording the pilots

heart rate.

Howevor, unlike the astudiea carrsied out on aome other rating
scalea < 7+72777, tho Bedford scale haa not been subjected to a eritical evalu-
ation in contrelled laboratory oxpeorimoents. Nevertheleas, the authors balieve
the 2cale in ita present form is quite suitable for assessing workload in moat

preéctical alvuations.
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17 Abstraut
Despate the many techniques developed for evaluating pilot workload in

flight subjective assessment by experienced pilots is still the most reliable
method by far. This report describes the design and development - with the help
of practising test pilots - of a ten-point rating scale. The scale uses a
decision tree similar to tnat used by the Cooper~Harper Handling Qualities scale,
and is based on the concept of spare capacity. Examples are given of its use by
a large number of pilots in various flight trials and workload studies.
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